Introduction
============

Between 5% and 22% of colorectal carcinomas become locally advanced tumors. According to the available data, patients with stage IIB tumors, which extend through the intestinal wall and infiltrate the surrounding structures without lymph node metastases (T4N0M0), have worse survival than those with stage IIIA tumors that remain within the intestinal wall but spread to the lymph nodes (T1-2N1/1c-2a). Recent studies confirm that stage T4 is an important and independent predictor of disease-free survival and overall survival.[@b1-ott-8-2329]--[@b3-ott-8-2329] However, there is no consensus on the importance of an integrated "multi-team" approach in the preoperative patient evaluation or on the implementation of neoadjuvant and adjuvant chemotherapy and radiotherapy.

Due to the clinical presumption of tumor involvement in other structures and organs, either as primary or recurrent disease, locally advanced colorectal cancer (CRC) is a surgical challenge. Anticipation of the need for extensive surgical resection, often by accomplishment of multivisceral (en bloc) resection, is crucial in the preoperative surgical planning. Long-term postoperative survival is achievable in patients with primary or recurrent locally advanced CRC, but only after complete R0 resection. Neoadjuvant and adjuvant therapy continue to have a role in the present era of biologic chemotherapy. The multimodality treatment approach provides an opportunity for technical realization of resection and improvement of long-term survival.

In order to achieve practical and theoretical clarity regarding the high percentage of patients with CRC, we need a definition of locally advanced disease. Patients with cancer of the colon or rectum may develop a different shape and extent of locally advanced primary or recurrent tumor, that can still be with non-metastatic disease, which can be resected. There are rather vague and not clearly defined criteria for surgical resection at present. Locally advanced CRC is defined by some authors as one being visualized by endorectal ultrasound as a T3/T4N1 tumor. Other authors define it as palpable abdominal tumor mass during physical examination but without the presence of distant metastases.[@b5-ott-8-2329]

According to another contemporary definition, an advanced tumor (advanced cancer, advanced malignant disease) is considered as each malignant tumor at initial diagnosis or each recurrent tumor in stage of local development outside of the organ of origin, which is inappropriate for radical resection or presents with distant metastasis.[@b2-ott-8-2329]

In our opinion, locally advanced CRC can be assumed when a multidisciplinary team (surgeons, pathologists, radiologists, medical oncologists, gastroenterologists, and specialist in diagnostic images) conclude that a R0 resection cannot be achieved by standard resection of a single organ. Therefore, radical treatment requires a multivisceral resection approach. Locally advanced lesions may range from visible intimately adhered to the surrounding tissue tumor, (marginal, "borderline-resectable" tumor) to such one which penetrates directly in adjacent critical structures (eg, main vessels, duodenum, pancreas, pelvic bones, lateral or anterior abdominal wall, other parts of the colon or small intestine or its mesentery, internal genitalia or organs of the urinary system, nervous plexus). The data indicate that when the primary tumor is in the sigmoid colon or rectum (in 66%--89% of cases), the surrounding structures and organs are affected; the reasons for this are the high incidence of cancer localization in these areas, the mobility of the sigmoid, and the close spatial proximity of the structures in the pelvis.[@b3-ott-8-2329],[@b6-ott-8-2329]--[@b8-ott-8-2329]

Local recurrence emergence after primary treatment of CRC is also a variable concept in terms of its acceptance by the surgeons. Local recurrence after primary treatment of CRC can manifest as a local recurrence with the same histological characteristics or less differentiated tumor at the site of the anastomosis of the previous surgery (which has been resected with subsequent reconstruction/anastomosis) or as a locoregional recurrence in the surrounding tissue of the primary tumor in cases of incomplete R1 resection, inadequate removal of regional lymph vessels or lymph nodes, or extensive perineural invasion that is not covered in the removed specimen, and also iatrogenic embedding of tumor cells in the tumor bed.[@b9-ott-8-2329]

Approximately 40% of patients with resected CRC develop recurrence. Most of them have distant spread of the disease. Locoregional recurrence is much less common, accounting for 10%--20% of recurrent cases. Causes of local recurrence include incomplete resection of transmural or lymphatic spread of the disease, integrity of the tumor, or implantation of tumor cells. Surgery remains the primary treatment. However, it is clear that only R0 resection can achieve long-term survival.

Inflammation, inflammatory markers, CRP, and locally advanced CRC
-----------------------------------------------------------------

Chronic inflammation is associated with several solid tumor types, including cancers of the esophagus, stomach, liver, pancreas, kidney, and prostate. It is interesting how the levels of inflammatory markers are changing with the volumetric growth of the tumor and progressive involvement of the surrounding structures and organs. The prognostic value of C-reactive protein (CRP) in CRC is of considerable interest.

After reviewing the evidence for an association between CRP and locally advanced and recurrent CRC, we questioned whether such enthusiasm is justified. It has long been accepted that disease progression in patients with CRC is determined not only by local tumor characteristics, but also by systemic immune and inflammatory responses. There is much evidence showing that the local and systemic inflammatory response plays an important role in the progression of a variety of tumor types.[@b10-ott-8-2329],[@b11-ott-8-2329]

C-reactive protein
------------------

CRP is a general marker of inflammation. An increased risk of colon cancer has been observed in patients with chronic inflammatory bowel disease, particularly ulcerative colitis. However, inflammatory bowel disease is an etiological factor in only 1%--2% of all cases of colon cancer in the general population.[@b12-ott-8-2329] In laboratory studies, inflammation stimulates cells in the colon to change from adenoma to adenocarcinoma.[@b13-ott-8-2329] Long-term use of aspirin and other non-steroidal anti-inflammatory drugs is associated with a reduced risk of colorectal adenoma and cancer.[@b14-ott-8-2329]--[@b16-ott-8-2329] However, there is serious debate on the mechanisms via which nonsteroidal anti-inflammatory drugs reduce the risk of CRC, with the evidence suggesting that pathways not related to inflammation may play a significant role.[@b16-ott-8-2329] CRP is an acute-phase protein and a component of the innate immune response, and increases in response to infection, trauma, burns, tissue necrosis, inflammation, and malignancy.[@b17-ott-8-2329],[@b18-ott-8-2329] Preoperative CRP levels in patients with advanced CRC are significantly higher than those in patients with early-stage disease.[@b19-ott-8-2329],[@b20-ott-8-2329] Further, elevated levels of CRP in patients with CRC are related to tumor stage and recurrence as well as reduced survival.[@b21-ott-8-2329]--[@b23-ott-8-2329] In a study by Chung and Chang, CRP levels were increased in one third of 172 patients with CRC before resection; intraoperatively, this was associated with larger tumor size and greater lymph node involvement and metastases to the liver. However, in multivariate analysis, the authors suggested that the CRP level was not an independent predictor of survival.[@b24-ott-8-2329]

There are also studies reporting significantly higher levels of CRP and interleukin-6 in patients with CRC than in controls.[@b25-ott-8-2329]--[@b27-ott-8-2329] However, all the data are consistent with the hypothesis that CRP levels are increased after onset of CRC and progressive growth of the tumor, particularly with local advancement. The reverse causality (ie, that CRP is increased as a result of development of CRC), does not necessarily exclude the role of CRP and proinflammatory cytokines in the progression or aggressiveness of the disease. The question as to whether CRP acts as an independent prognostic factor in CRC may not be answered adequately by observational and retrospective studies. The published data show conflicting results and analyses for a causal relationship. They are also limited by significant differences in study design.[@b28-ott-8-2329],[@b29-ott-8-2329] A study reported by Il'yasova et al showed that interleukin-6, tumor necrosis factor, and CRP are inflammation markers associated with risk of cancer of the colon and rectum; moreover, they are significantly elevated in cases of locally advanced CRC. High levels of CRP are also associated with morbidity from cancer of the colon and rectum.[@b30-ott-8-2329]

The interpretation of CRP levels in patients with CRC rouse a lot of interest. However, while measurement of CRP is feasible and convenient, further evaluation in carefully designed studies is needed to determine whether CRP has a role as a diagnostic and prognostic index in CRC.

Jass-Klintrup score
-------------------

There is strong evidence that the pronounced lymphocytic infiltration observed on standard hematoxylin-eosin staining in and around the tumor in localized CRC cases is associated with improved survival.[@b31-ott-8-2329] Klintrup al subjectively measured inflammatory infiltration of tumor tissue by including all cell types of white cells and classifying them as low-grade or high-grade, and concluded that a high degree of inflammatory infiltration is associated with improved survival in patients who undergo potentially curative resection of lymph node-negative CRC.[@b31-ott-8-2329] The Klintrup tumor staging system includes four possible scores: 0, no increase in the number of inflammatory cells in the deep layers of the invasive tumor edge1, indicates an average or piecemeal increase in inflammatory cells2, indicates a pronounced inflammatory reaction and formation of areas of destruction (like "islands" of destructed tumor cells) in the deep layers of the invasive tumor edge3, denotes abundant inflammatory infiltration in the invasive tumor edge by frequent "islands" of destructed tumor cells (as piecemeal-tumor necroses).

The most commonly used version of this system is a modified score, ie, low (score 0--1) and high (score 2--3).[@b32-ott-8-2329] Jass et al proposes a score system consider "the peritumoral lymphocytic infiltration" as a part of the "stromal reaction" in the tumor invasive edge.

Specific features included in the score are: presence or absence of connective tissue strands or layers in the deep layers of the tumor invasive edge; marked infiltration of neutrophils, macrophages, eosinophils, lymphocytes, and plasma cells between the glandular structures of the tumor tissue; and, most importantly, the presence or absence of connective tissue stroma. Tumors are staged using a 2-point scale, based on whether peritumoral infiltration is present or not.[@b33-ott-8-2329],[@b34-ott-8-2329]

The prognostic Jass score is defined by: T category -- limited tumor growth in the intestinal wall (0 points); tumor growth outside the intestinal wall, ie, T4 (one point)Number of metastatic lymph nodes -- 0 (0 points), 1--4 (one point), \>4 (two points)Invasiveness of the tumor edge -- expansive form (0 points), infiltrative form (one point)Peritumoral lymphocytic infiltration -- expressed (0 points), not expressed/missing (one point)Score group -- I (0--1), II (2), III (3), and IV (4--5); low degree (group I--II, score 0--2); high degree (group III--IV, score 3--5).

Petersen Index
--------------

Additional clinically useful, pathologically defined criteria that provide independent prognostic information after resection of node-negative CRC were identified by Shepherd et al.[@b35-ott-8-2329] These are peritoneal involvement, venous invasion (submucosal and extramural), involving resection margins, and perforation of the tumor. The so-called Petersen Index (PI) combines these four factors in one scoring system. The outlook for the patient worsens as the number of these characteristics present increases. Thus, in the group with node-negative disease, which accounts for 40%--50% of surgical patients with resected CRC, the reported 5-year survival is 75%--90%.[@b36-ott-8-2329] However, when there are high-risk pathological features, survival is similar to that in node-positive CRC.[@b37-ott-8-2329] The PI identifies patients at high risk of tumor recurrence who may benefit from adjuvant treatment and confirms Dukes stage B and C (with positive lymph nodes) CRC.[@b38-ott-8-2329]

Determination of PI on histological examination
-----------------------------------------------

The PI in surgical patients with locally advanced CRC (T4 tumors, stage IIB, stage IIIB, stage IIIC) was defined by analyzing the histological results jointly with the Department of Pathology. This index is calculated by four histopathological features: Peritoneal involvement (+1 point)Tumor invasion of resection margins, transverse or tcircumferential (+1 point)Venous invasion, V1 (+1 point)Tumor perforation (+2 points).

Patients with scores of 0--1 are considered low-risk, while patients with a total score ≥2 are considered high-risk for local recurrence and, accordingly, aggressive adjuvant therapy is recommended.

Glasgow Prognostic Score
------------------------

There is considerable evidence that manifestation of a systemic inflammatory response, indicated by the Glasgow Prognostic Score (GPS), based on increased CRP levels and hypoalbuminemia, is independently associated with a worse outcome in patients with CRC.[@b39-ott-8-2329] The GPS allocates a score of 2 for patients with increased CRP (\>10 mg/L) and hypoalbuminemia (\<35 mg/L), a score of 1 for patients with only one of these parameters, and a score of 0 for patients with neither of these parameters. This system has now been modified based on evidence that hypoalbuminemia in patients with locally advanced CRC and no increase in the CRP is not significantly associated with cancer-specific survival. Thus, patients with elevated CRP are included in the modified GPS (mGPS) score, with a score of 1 or 2 depending on the presence or absence of hypoalbuminemia.[@b40-ott-8-2329]

Roxburgh et al were the first to demonstrate a relationship between the preoperative systemic inflammatory response (according to GPS criteria), peritumoral inflammatory infiltration (according to Jass-Klintrup criteria), and cancer-specific survival in patients who undergo potentially curative resection for CRC. Low peritumoral inflammation (more a Klintrup criterion, associated with a higher Dukes stage and increased circulating leukocytes (in total) and neutrophils (in particular)) are independently associated with cancer-specific survival. On the other hand, the systemic inflammatory response (mGPS) is not associated with either Dukes stage or peritumoral inflammation, but with increased levels of circulating leukocytes, in particular increased neutrophils.[@b41-ott-8-2329] In terms of indications for surgical treatment or alternative treatment regimes, as well as specific follow-up, the clinical use of all these criteria, along with traditional risk factors, would help to stratify patients with locally advanced CRC into specific groups.[@b42-ott-8-2329]

The groups of mGPS identified by these markers are defining the systemic inflammatory responses as follows: Score 2 -- CRP levels (\>10 mg/L) + hypoalbuminemia (\<35 mg/L)Score 1 -- CRP levels (\>10 mg/L) + normoalbuminemia (\>35 mg/L)Score 0 -- CRP levels (\<10 mg/L) + serum albumin (\>35 mg/L).

Materials and methods
=====================

We investigated patients with confirmed CRC who were treated in the surgical clinic at the University Hospital Alexandrovska between 2002 and 2012. Data collection was based on documented evidence from the medical history, operative report, operative registry, data from the Clinical Center of Pathology, and oncology committee protocols.

We analyzed the histological features of preoperative biopsies and histological examination of operative specimens that were removed during radical multivisceral resection. We collected prospective data on serum CRP levels and Jass-Klintrup, PI, and GPS scores in patients with locally advanced CRC.

The statistical analysis was performed using IBM Statistical Package for the Social Sciences software. The total number of patients was 1,105, which ensured representation of all patient groups that are differentiated by certain signs and good reliability of all results. This study had a retrospective cohort design. In accordance with evidence-based medicine, the study had a score of 4 on the 5-point scale for level of evidence and grade of recommendation. All ethical requirements in the science research have been implemented. The Review Board of the University Hospital Alexandrovska -Sofia gave consent for the use of the retrospective data of the patients from years 2002--2012.

Results
=======

During the study period, 1,105 patients (57.73% male and 42.27% female) were identified as having histologically confirmed CRC, of whom 327 (29.6%) had locally advanced CRC. In 54.5% of cases, the tumor was localized in various sites of the colon and 45.5% of cases were in the rectum. Most of the patients was aged between 61 and 80 years. In total, 108 combined multivisceral resections were performed (79 for primary tumors and 29 for recurrent tumors); in 17 cases (eight involving recurrent tumors), only R1 could be achieved, ie, radical surgery was impossible. We found preoperative and intraoperative generalization of the cancer process, ie, bilobar unresectable multiple liver metastases and/or diffuse carcinosis in the peritoneum, and palliative surgery was performed in 219 of cases. The palliative procedures used included resections (with or without restoration of the intestinal continuity), bypasses, anastomoses, and simple interruptions of the passage, including cryodestruction. Nineteen patients (17.6%) with locally advanced disease developed local recurrence 2--5 years after the initial resection; eleven of these patients underwent "radical" repeat en bloc multivisceral resection. In eight cases, a pR0 result was achieved. In the prospective portion of this study, we investigated already known inflammatory and tumor markers.

Determination of CRP
--------------------

We investigated CRP in 182 patients with suspected locally advanced primary or recurrent tumors. The frequency of distribution of the different CRP levels is shown in [Figure 1](#f1-ott-8-2329){ref-type="fig"}. [Figure 2](#f2-ott-8-2329){ref-type="fig"} shows the distribution of patients (n=182) according to their CRP level. When we investigated the distribution of CRP levels between groups with early, locally advanced, or recurrent CRC (see [Figure 3](#f3-ott-8-2329){ref-type="fig"}), we found that CRP was increased in most of the cases of locally advanced cancer.

We then investigated overall survival according to CRP levels (0--5 mg/L, 5--10 mg/L, and \>10 mg/L). The Kaplan--Meier survival curve is shown in [Figure 4](#f4-ott-8-2329){ref-type="fig"}. In the group with CRP \<5 mg/L, median survival was 36.903 (32.836--40.970) months; in the group with CRP 5--10 mg/L, median survival was 21.962 (19.511--24.413) months; and in the group with CRP \>10 mg/L, median survival was 11.600 (8.887--13.313) months.

The log rank test showed a statistically significant difference in survival between the groups with CRP \<5 mg/L and those with CRP 5--10 mg/L (*P*=0.003), and between the groups with CRP \<5 mg/L and CRP \>10 mg/L (*P*=0.0024). There was also a statistically significant difference between the groups with CRP 5--10 mg/L and CRP \>10 mg/L (*P*=0.004). The results are shown in [Table 1](#t1-ott-8-2329){ref-type="table"}, and confirm CRP as a prognostic factor for overall survival.

Jass-Klintrup score
-------------------

The definition of histological and inflammatory markers of locally advanced CRC in the current study was based on the assumption that the presence of localized CRC increases lymphocytic infiltration in and around the tumor (observed by standard hematoxylin--eosin staining) and is associated with improved survival.

With the assistance of the Department of Clinical Pathology and histopathological examination of biopsies and resected specimens, we investigated the local inflammatory response in the tumor tissue. We also evaluated lymphocytic tumor infiltration and determined low-grade and high-grade JK scores in terms of survival rate after potentially curative resection in patients with locally advanced tumors. So-called "peritumoral lymphocytic infiltration" was defined, which reflected the stromal response at the invasive edge of the tumor.

Data from the 48 patients with histologically confirmed locally advanced tumors showed significantly increased survival in those with higher scores indicating a more pronounced infiltration of the tumor edge in the inflammatory cells of the local immune response (P=0.0370), as shown in [Figure 6](#f6-ott-8-2329){ref-type="fig"}.

Petersen Index
--------------

Additional clinically relevant prognostic criteria were identified by postoperative histological examination of the removed specimens. These specimens provided important information regarding resected node-negative locally advanced CRCs, including peritoneal involvement (P+, P−), venous invasion (submucosal, extramural; V0/V1), involvement of resection margins (R0/R1), and tumor perforation. We added perineural invasion (PN+, PN−), thereby modifying the PI score and combining these five factors in a scoring system as follows: 0--5 (0, absence of any positive factors; 1--4, presence of 1--4 positive factors, respectively; and 5, presence of all factors). Thus, in the group with node-negative disease, which accounted for 44% of our patients with cT4 carcinoma, 5-year survival was 49%. In patients with a high PI score, survival was similar to that for node-positive disease (*P*=0.702). The PI identified patients at high risk of tumor recurrence who would benefit from aggressive adjuvant treatment and had cT4 tumors (Dukes' stage B or C, with a positive node) as shown in [Figure 7](#f7-ott-8-2329){ref-type="fig"}.

Modified Glasgow Prognostic Score
---------------------------------

The systemic immune inflammatory response was determined by the mGPS, which takes into account the number of patients with preoperatively defined serum CRP (\>10 mg/L) and hypoalbuminemia (\<35 mg/L) on the basis of evidence that hypoalbuminemia in patients with locally advanced CRC without an increase in CRP was not significantly associated with cancer-specific survival. Thus, patients with preoperative CRP elevation were allocated an mGPS score of 1 or 2, depending on the presence or absence of preoperative hypoalbuminemia.

The data showed a statistically significant difference in survival between the group with a score of 1 and the group with a score of 2 (*P*=0.0311, [Figure 8](#f8-ott-8-2329){ref-type="fig"}). The importance of the mGPS as a prognostic indicator was reflected in the fact that it was not connected with either Dukes stage or peritumoral inflammation, but was associated with increased levels of circulating leukocytes, in particular increased neutrophils, in addition to decreased lymphocytes. The mGPS showed a significant correlation with poorer cancer-related survival. The basis for this is that systemic inflammatory markers such as CRP play a central role in the relationship between the tumor and its host. Better preoperative evaluation of patients and separation into groups in terms of additional indications for aggressive behavior or palliative surgical procedures is needed.

Discussion
==========

Many world-famous surgical centers recommend the "adequate aggressive behavior" for locally advanced primary and recurrent colorectal carcinomas.[@b14-ott-8-2329] This inevitably leads to a need for individualized and comprehensive assessment of each case, using all diagnostic methods available for preoperative staging, as well as a broad discussion of the results by a multidisciplinary team before embarking on surgery. Our vision largely overlaps with the opinion of most of the published authors with regard to the circumstances that determine decision-making regarding the possible resectability of locally advanced CRC.

We should also focus on the importance of certain histopathological and inflammatory markers identified in the preoperative process with regard to the prognosis. This markers are additional factors in planning the type and volume of surgical treatment. Our study data for Jass-Klintrup scoring of histologically confirmed locally advanced tumors showed significantly increased survival in patients with higher scores. That indicates more pronounced infiltration of the tumor edge by inflammatory cells involved in the local immune response (*P*=0.0370), and underscores the importance of obtaining a sufficient number and volume of macrobiopsies taken from the tumor tissue closest to the tumor edge in the preoperative period and defining the relevant Jass-Klintrup score. Performing the multivisceral resection would be helpful for making the decision on which aggressive approach may be used for the treatment of locally advanced tumors. Determination of preoperative CRP levels as part of the mGPS in this study showed a significant difference in survival between the group with a score of 1 and the group with a score of 2 (*P*=0.0311). A higher score was shown to have a significant relationship with shorter cancer-related survival. Preoperative assessment of the mGSP would be helpful in separating patients with locally advanced CRC into specific groups, in terms of employing a more aggressive surgical approach. The modified PI used in the present study for patients with histologically confirmed pT4 disease showed that in the group with node-negative disease and a low PI score, observed in 49% of the cases, 5-year survival was significantly different from that in the group with high-grade pathological characteristics according to the PI, in which survival was similar to that of patients with node-positive disease (*P*=0.702). The PI is useful for selecting patients with a high risk of tumor recurrence. Those patients are likely to benefit from complete multivisceral resection followed by aggressive adjuvant therapy. Validation of a standardized strategy for management of patients with advanced (locally or generalized) CRC and definition of clear criteria for resectability of the primary or the recurrent tumor are imperative.
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![Comparison of the modified PI in the study population (**A**) with pT4N0/1 (one positive lymph node) and survival depending on number of metastatic (N+) lymph nodes (**B**).\
**Abbreviation:** PI, Petersen index.](ott-8-2329Fig7){#f7-ott-8-2329}
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###### 

Log rank test for survival according to CRP level

  Pairwise comparisons                                                     
  ----------------------- ------- ------- ------- ------- -------- ------- -------
  Log rank (Mantel-Cox)   \<5                     2.420   0.0031   1.550   0.002
                          5--10   2.420   0.003                    0.000   0.004
                          \>10    1.550   0.002   0.000   0.004            

**Abbreviation:** CRP, C-reactive protein.
